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Short-time Heavy Precipitation Short-term nowcasting Forecast

Technology Based on Multi-source data Fusion Integration
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Abstract A forecast model of short-time heavy precipitation (greater than 20 mm h) for 1-12 h at 1 h intervals
in Fujian is established based neighborhood with optimal Threat Score by real-time precipitation observation data
from ground weather stations, 0-120 min Quantitative Precipitation Forecast from Sever Weather Automatic
Nowcasting (SWAN-QPF) of China Meteorological Administration, and forecast precipitation data from global
and regional models from April to September during 2021-2023. Neighborhood test is adopted, and the test radius
is 40 km. The results show that the accuracy of nowcast in the couple of hours is greatly improved by using
real-time precipitation observation to forecast the short-time heavy precipitation (Persistence forecast) compared
with using multi-model optimal weight integration. After the optimal elimination threshold correction, the TS in
the future first hour can reach 37.5% for 2021 and 32.2% for 2022 when the forecast precipitation is calculated
with 10-min real-time precipitation before the forecast production, the neighborhood radius (Ri) of 0.5< and the
average of the top 5 heavy precipitation stations (Nwp=5) in Ri. And at the second hour, the TS can reach 22.2% for
2021 and 19.5% for 2022. The TS of the consensus forecast combining global and regional models with optimized
weights can reach 16.2% for 2021 and 16.6% for 2022 at the first hour (18.0% and 14.2% at the second hour)
when the forecast precipitation is calculated with the Ri of 0.6°for each model and Ntp=15. The SWAN-QPF
short-time heavy precipitation prediction revised by the optimal elimination threshold (the Ri of 0.3<and Np=15)
is also better than multi-model optimal weight integration, but less than using real-time observational precipitation
in the first couple of hours. For the 3—12 h forecast, multi-model optimal weight integration is better than the other
two. The above-mentioned multi-source data revised by the optimal elimination threshold are further integrated
with optimized weights in the future 1-4 h, and multi-model optimal weight integration is adopted in the future

5-12 h to establish the forecast model of short-time heavy precipitation for 1-12 h at 1 h intervals. The parameters
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trained with 2021 and 2022 data are applied to forecast short-time heavy rainfall in Fujian in 2023, and the TS are
42.7%, 28.8%, 23.1% and 20.2% in the future 1-4 h, and all above 17% in the future 5-12 h.
Key words Short-time heavy precipitation, Persistence forecast, Effective neighborhood radius, Cumulated

precipitation in optimal period, Nop
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TR R TR 58— et 20 mm bt (R B K S e SORREIN BRI AK, B R 2RI (]
. VRS BOKACRR, GG RaiE . (LA BRI R AR R E, R —
HLUCRHGE TR TR FUEMV 5 TAE RS AE A (PIARRR, 2017; ZFHKAE, 2018) o AR HLAL
REARFE I, KL, BREK. IX 2, B, EFRRAERENE T, By
RN SR KA R R X 22—, DRI 5 B 7K T 51 A B A i W = 45 R I B A

EASR T R N G T R b=tk i (12 [N O 11 o &1 A8 % A i v S D SR NN
SR RGI TS (B4, 2013; 5k/NFR5E, 2014; XG5, 2022; Wik, 2023; HHmk4E,
2023) , BRItz Ah, W2 BT RE 7RI s BE K RN IR Rl FHRINERT . R T
LN 55 A 7 R W TR 77 2% T AL AR S A« BB B RN GE T T VA AR S S AT
ITIETREE GRAPHHIRIER G, 2021) o Sl AN 3 B e T i 3055 1A [l 6 F) & S L 15 5
KM REY), FHEIMER T 5 IR, R AR TR S B A AR PR EE A R R %, H
AU W7 i5A &R JBER. W AIEIE Tk % (Thunderstorm Identification, Tracking,
Analysis, and Nowcasting, TITAN; Dixon and Wiener, 1993) . 32 X A< [l 3% fR ¢ (Rinehart
and Garvey, 1978; Li etal., 1995) | itk (Bowler etal., 2004; Liu et al., 2015) . 4843 A1
FREF: (Laroche and Zawadzki, 1995; 58134k 2019) 2%, JET- 55 ik [l AU A M TR 41
ST 1~2 h TR AETBUT, AH %07 ik o 2 6 s i R G 2R W R I s L A
W TR AN RO, AN TR BE 03 ag FRAIG - BB e sUAE 3 A B A Hid | BAFFEAS AL
(B B0 I 8 07 B ) 220 i iR B LA T S AT BRI 2 2 K U TR A G T 7 VA
G54, RTINS BT IE, AT o A B s K (R TRt 2, X oo BB A Ui AT
Giit e A F DLSR PR B TS VAL FRL S5 ST 2. (R WA, 2017; JESCSEAIRR K
76, 2019; BXHGERSE, 20200 o WG EAT IEREA RS R B W AR, —RETH

A BRI 3R AT SR B K R A S R ARG R BME, ZaHCkE. BBIEE
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(Maddox et al., 1979; Doswell et al., 1996) , 45 i 38 FE/K R A4 5 WM TS R (FH

5, 2012; k%A, 2012; AT KA, 2015; LGN, 2017, AL, 2018) 5 —REIEE
155 AR BRI SR B K R TR HE A R, S RECAE B JUHEZR . WIBE S BT 5 W46 37
MO RAESE 2 7 AT AE 22 57, AR B (RO TR BR O ZE T )L 23 ) BB AP 2E 5, e a0 FI A
AR AR K TR A R, ZRUR BRI A e (REUSE, 2012, RARFCAE, 2019; Jietal,
2020; falF K&E, 20200 , WEFLERW], HEZAMEEKXRA LIRS S AR TR FEE, T
WA I T8 —H. (Danard et al., 1968; Thompson, 1977; Zhi etal., 2012) . MELEWF5E RS
R, SEBUAMELEIRIE 1~2 h I 5 P K A TR e 0 A0 T2 T BUE BU Bk 0T ik, H
FESE TR IS R L, T BB R TR T i, DRl e S SRR T s T A R
TR (PRAEIESE, 2013; 155, 2023) , (AW FLIE % A S oK iRk h & 5
Bosik i (FRAEEE, 2013) o BB Bk, —F ARG RIBEE RIS SO0 i, S
TR AR BT el s e TR IR (RIS g O, AT S B A MHE T AN 2 AR T
]I L (R =255, 2019)

SBIRAE R TR S5 N2, SRS U BT . — R T e
BB AR AT , A5 GUAS 56 7 v I8 T T LRI OUL I 2P At st A G P SR DA B3 A = ) TR
I, XRS5 RS TR SO R PPN AR R, JC R A MR R S

(Mass, 2002; 75 FHFI3E &8, 2020 , QR3dan ot Ao Foah Fut il S A% KU _E R DT G
PRSP B TR R, AT InyR R o6 U B TR v e 1 F MR R AL, 2015;
Kochasic et al., 2017; Johnson et al., 2020) . —J&H TARIMEAR Tt , 5 &SRB A% R 22K 1
TR A B R AH LA, Theis et al. (2005) 56T~ &ftekik A S —ff g PE TR A e T E 2R Tl
e r iz M (Boualléyue et al., 2013; Schwartz et al., 2015) , Hi% =R R 24E S
TR Atk (Schwartz et al., 2010) .

TN SR T 4R35 ) I FH 2 B DA G 6 AR 3 T4 o A ST 18 B 7 JEL I 5t Bk /K i p /N RUBE &R
GUR AR PRI TR RUNE , T AR S A R N 56 o 7K ) DXCAEAE — R NS TA] A RE R i i 32 e DX sk
TR R A T s W) P AT SRk B B 78 7342 0 Tt o T2 Vi PAY PR R A5 IS, 9 HH 2 T4 35K
(K I R K A T R s PR TR 79, 35T TS IR BRI (0TS, REH%E, 2017)
i v FH R B BRI R B FRK S G s, BR T TR T B S R i
KA I i R GEH) 0~120 min & & K Fifi (SWAN-QPF) #iiilie . 4BRAIX 1K
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B AR A TR (B REE, 20200 4b, ARSI H 3l B K I EE 24T
FREVETIR AT SRR RIAMET =, B B ghub el B K Bl vl 72— e FE A Lt 4
B A [RTB R R 9 iy R A R 22) 5 I 51N E Sl [ ) OULIN B B2 071 e I 5 B 7K e 3 T
e, I 2 A AR VA AR AR T I TR AR 2 o AR SO 78 45 RAEAR i FigRolk 55 v B
FHER I, SRFH TR 61 (R B IR1 AT 20 min (0 [ 20530t 50 SR P /K B AT B 8 AR 7 P45 484
B, FUORIEIRTHIRIE 1~2 h BITHRAER 2 . IF LR AR BTEAE 1~12 h WA E 3l
Ul SR K EE . SWAN-QPF. A ERF DX IR P K iR s, @7 1~12 h & R i 5
IKEEENIT IETRARAR A
2 BRLS5TE
2.1 BR

L 2021 FI 2022 4 4~9 AHHENNIZEE, 2023 45 4~9 HHdE A5k 4E . Fr A4k
I B FEAR A S B AR RS E Bl 4138 U5E 5 min FEAKVEIEEE il S A W 1) .
B RGR SRAR R RN IR I TRk R4 0~120 min & & /K Tk (SWAN-QPF) 77 i |
SRR DX St 2R K TR (PR LR 1)« SWAN-QPF %# 1% 6 min iR 3/ 5 #i Ak 0~120
min FR R KSR, I ) 23330 6 miny 23] ZKF 233308 0.019X0.01< A SO i 4
il RN B = i 4 [ R B TR BRI VA S IR K B8 E AR 1125 it

R 1 AERR XA P K TR A o

Table 1 Forecast precipitation data from global and regional models.

Bi=t AR A b s I 18] 433 28 ZE [ KP4 3
BRI AR A TR A0 E TR ECMWE-IFS 20:00 F#l 08:00 % 3h 0.125°X0.125°
R A R TR 0 R4 6 R ECMWF-EPS 20:00 #1 08:00 #3h 0.5°X0.5°
P EAR R LG BUE TR R 5 CMA-SH9 20:00 i1 08:00 % 1h 0.1°X0.1°
T AR PO T R AU T R 4 CMA-GD 20:00 #1 08:00 iZ1h 0.03°X0.03°
T REERSEE TR R St CMA-MESO(2008) 20:00 #11 08:00 iZ1h 0.03°X0.03°
CMA-MESO(2311) 23:00 71 11:00 ZE1lh 0.03°x0.03°
CMA-MESO(0214) 02:00 i1 14:00 Z1h 0.03°X0.03°
CMA-MESO(0517) 05:00 i1 17:00 Z1h 0.03°X0.03°
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RS AR 8] 2 1P oL 2% R A Bk . LA 08:00 2Ry, mI Y
BEBER A HT— H 20:00 24k I ZEL 55 CMA-MESO (17— H 23:00. 4 H 02:00 1 05:00
AR BORE (SERRL I AT, AR FORBEARIE D, RARHT 4 YORIRETED R ZHI
BALE BEFR, BE T 456 2 1 A A 2t o I 5 0 /K TR P 5 1 1), v A S Bk 532 47 Hh
iR R R A A e — e AR > T 5 S50 D TR B4

H1 2021 1 2022 ) 4~9 A _Eb%dE, $ZEMNGSEL, DR RE N 9 3K Ik
T SRR FER RS B &Rt . A MEREERINSE, & IRE 1~
12 h BB RIS SR AR BN T IE TR, HFAE 2023 45 TRl 5% v B F AR5 o
2.2 WA

SR B o 7K SR ARG 56 SR FH 55 = Je 4 118 i TR A AR 77 v A8 IR R BB G 36 7 R - SR
RO T7E, FRREAE 40 km, BIEA 20 mm bt AIRTAE (. BBX) #X,
7 AT 25 Ry Hh 0o ) JE 2 40 ke S5 L P HE /NS B K BRI 20 mm bty D) 5 12 AR
RURAERIR RRE K . EEERH TS W R I HabR, 2 (BIAS, BS) ¥4 Jyfili (Wilks,

2006) :

_ NA
" NA+NB+NC
_ NA+NB
" NA+NC

K (D« (2) d1, NA. NB I NC 435I SR KAt (U0 . 2l (0O %
iR (KO 3.
2.3 WA

% 1 BIRHA R G A R SRR W0, TF 78 2 2 6 o AR K X A — 2 D) A
) 320 2 X SRR K P 5 P A JEE R PR A0S S0k 45 T b 0 0905 A O K 135
7 Hh T AT ) O R PR K A T B P TR T, BT TS PR A AL U O T k)
(AR A RAB B AR RIS RS CHe) %, TS SR e /K B A T R R A TR X . A ST
b 4 B = 26 B b 4 I 3 AR K B TR R B, R AR AR B A KOO
SWAN-QPF, A BRI 35 4 M sl K TR B . LB IO D2 UM 3 T R R 45 35
VRRTE KT EIL 2.3.145) , Herh K TR A B AR RIS A (%) A%k
AT A AL . @ OTS VTR S AR A5 BB T IE o BB BRI A MAE (ASCBi 0~

30 mm, HEEIRE 0.1 mm) , FBEKHUERAE>E 2 BIME, WA R K, 2T X
6

D)

(2)
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GG A R I A, SREAERE — SRS AR RIS K G (M) R8T 1~12 h & FR i 2%
FRI B TS NS RV 25 BE . MRk v] F BORH) S A AR AR A K (%) s
KA G B Bk St B K AT RR BV TR K56 AT SWAN-QPF £4f Tl i, — 3 XAy
548 AR 7K ) T BE 70 B T e 205 ) R s A1, PRIk PAZR e I0 VA 2 BRI BAT IR ) o 2% TR AN 3L
TS B AHE T S H A R S A B K TR R0 ], 8 8 380 Bl e /K AR STA
TR 1~12 h, FE TR R A5 R TR RE 0 BE TR I S8R N e 2 25 72 7, IRk DA
LT 7 BUE T IE 5 BT BRI 20 TS YE7-F SME A0y B bRt € S8 i, F 3O
B S5HEAAE R EIE TS S48 FTA RN 2% TS VR0 FIIME . AR50 A0 P S5 B 7k ks
(M) R PR AR N PR B K&, B B AR RIREARTE I, AR5 7R L TE I A R 55 2501
TE A AR AR MBR K, () mifl, DA . @ E 24 U i) S AL
B FILEAN [ R N 24N 22 U5 A 46 K B AL, 57 1~12 h BB I A I 9 /K R B 1T IE T
AR (VEW, 2.3.3 1) o ASSCHITHE TR A 25 340 AH T 0 ) 530 B4 7K TR 1) FES i INF BT 55 1
Kk 1~12h.
231 UL T AR SRR AR B E B K TR A
DA i AR (BT L), TRARA SR LLSS 55 A LG 40 km (R) e [ P2 113 4 A R B

SRBEK, T RIS (Ri, i=1~15 %R R =0.19-1.5% Hh 1903% 1 ME/4E,
NED RSB A P AT (B R BKEAE A 5, X Tuli s A BEKTHRAE
WHE, RiINZR TR IR S EL . il Q838 P B o T 7K B A ANt € PR 2R, R
Ri O Y BE /K EHEAZ AT n AN (B8 81 (Nwop) FPPIBE/KERAE il 25 A 1R 1 h TR BE K &
{H Pro LA 08:00 &4k ABl, PritHHE AT

P Xy, @
B, yn N RVEEINFEZEE n Dl () RBIRKE. RIS B sl ORI s
TFIEFFEEPETIR, 55 1~12 h & TR XL yn #2974 07:00~08:00 P4 573 4 i B St
TR KSR (M Eh et B (R e J7VEE L 2.3.2 75) s SWAN-QPF #dfs b, SR 07:48 24k (Tl
R AIVER SWAN-QPF Hy o Efi b 0 AR 0~120 min T fEK &, 55 1 h FER 208
yn A SWAN-QPF %5 12~72 min ) FUR FEK &, 55 2~12 h & FURk I 221 ya 2129 SWAN-QPF
% 72~120 min BITUHRFEKE GREETHR) + KA SBUERB R PR K EH G 5 Pr

I, o 1~12 h B PR R yo P AR O R PR I 24 K3% 1 h FilR K&, Hop
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ECMWF-IFS F1 ECMWF-EPS I [H] 43 3% 8% 3 h, 3h IZ 1 h BE/K &R 3 h [FKE,

111 08:00~09:00. 09:00~10:00. 10:00~11:00 &} %7K &35 H 08:00~11:00 i& 3 h fF/K & .

115°E M7°E 19°E 121°E

1 WK JETAARAE 4138 NG H Bk sy A, HA 4 RS E TR ARG N 1125 s PLsial A FEG, BERERERR
R=40 km Rkl f12, W BRI E 3l A BEK TRERAG A A0 12 R Yu .

Fig.1 The distribution of 4138 ground weather stations in Fujian and its neighboring provinces, of which the red spots indicate 1125
stations for forecast and inspection. Taking the spot A as the center of the circle, the black circle represents the test radius of R=40 km,

and the blue circle represents the neighborhood radius R;.

232 ETHINEGIZE 5 min B IR € AT I BCR TR K E

BT B B OB B AOW D ESHE TR I 5B K, PTREAFAE R A R H—, il Tsk
DB A5 40 28 M 551 65 I TE) 200 J5 L o3 el o2 FH AR Bl e #i it 8] i) Bk s i 5 8,
08:00 j2fk, 07:50~08:00 FIFFE/KEE I ARERIR: T =, 7T AT A o B 7K Fouae i 115 I ] 2
HIT IR — I B ) 2R T Bk /K SR Tl A I i Bk /K RO R e . BOR PRSI [R] BT 1 h H 3hki% 5
min FEDEI B Bt fn i, BL 08:00 2k Syl

Xu X qu Fos Vo = Foso

X1
Xz " Xz 500 " Iseo
X5 Xoq IMss-60

A, p Mgl 12 (Ah NAE 124 5min) 5 Xas Xi2 20 KR ros. ro-10, 278 07:00~
07:05. 07:00~07:10 I B R it ok, HRPIESEEL, NIFE 07:00~08:00 A tH 78 A
R B ST MK ERE OO o WA &I BOl AR A4S, Bt Rokm KK, 1o
UG 17 5 B B A A I ) TR e T S BN [ 43X 78 ANAS RIS B R H Bk & 4 AR (3D
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Tt Pe, LA TS PRty Hw, e ) TR LIS o B /K e D0 P IR B R Bk . S
Bk 553247 9 ORAIE AR R S0 B R mT A, 38 5 min [ AL I 244 A 21 07:50.
2.3.3 SR IR K ER S UBCE I E

T 231 A1 2.3.2 7K, o1 lE A B SOl RE K. SWAN-QPF, S5k ik
Bl TR LN B B K A R A Rin Nuop S S e P IS B R T B K&, Rt AR il 2 U
fii o AR B TR KB, 75 2 SR MU AR R el b, PR 1 Bk B KO
IHHEA SWAN-QPF . SRR IEAR IS BT Bk 3, it an A

1'0* Pf1+;ai* Pfi

10+ 3,
i=2

P, (5)

B ™, P NSRBI TR B KR, P NEATIURFEKE, a AEMIERE, moAFE
R Pe AN B e N TR PR R P AN 1.0, 1E Po [R2EAE_ESERL Pr, LTS
WAL ARR, W€ a MR (ai UEA LT 0.0~3.0, REAIRE 0.1)0 HRIKFFSE AR

3, 4y e » mA Py, AR HBUE R R A -

3 ET B 3hub L R K R R 5 K SR AR M TR AR
3.1 HE RN

KPR IR 1 h & Zhol % 8 ROk BRI ERRSEEE RO T R WHE4
14 (Nep=1) (R EHEAT 50 98 K PR RS TR, 28 AR 2 BB AT IE S5 145 1~6
h TR R AG S VA 45 B 2 B . BE RIS 2, it R0 TS EAM 8 R, A
Wl R, 5 1~4 h TR 08 Fr R () TS WP4r 3 A 27E 10000 L, 55 5~6 h 1 TS
CMEEIRKT UEEPME 7~120) , BI7EZ B 2 B AT 15 [ R ek Rt
PEFR ARG, AR ROBR, PR B, FEIRIT 1~4 h PRI R T SR A,
RHRERIT 1~2 h 4, TS IR THEHHRIN . Rk Ri (TS AT R B
AR RN K, 55 1~4 h BERI 2, 500 Ri B 0.5 K% 0.7S % 5~6 h il
Ri CEEARAE 04 0.7% TS B RIS, Bk HURk i AR s, B R 220
TS KIS0 B TR R KRN T/, SRS 1~2 h AR 28k Sk

FESEBRPRME 55, NPT Y R B A, IRTHRRIBAT R, A SCHHRAE A
AR TR A R Ge— Riy WPASE 1~2 h TR 2800 TS 14 S AR AR A B bR, UL
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1~2 h BARTHRBR AN Rie FTILES 1~2 h TR 250 B R TR RO AR ) R Y6 LA

0.49~0.75 Hr 0.5°KIEAM. TXAE RN 0407 BN BE— D E HESH.

(2]
S

o
(%) U z-1 Ul S1jo wns ayl

157 68 75 78 80 81 81 81 81 81 81 81 81 81 8.1

Period of validity (h)
- N w S [9)] (2]

119/6 263 @. 246 23.121.7 20.4 193 8.3

L 3
0.1 0.2 0.3 04 05 0.6 0.7 0.8 09 1.0 1.1 1.2 1.3 1.4 15
Neighborhood radius (°)

2 SR 2021 SFEAR HET 1 h B30k S B oK EHEE . AR (RD FRESE 1 4 (Nwp=1) IRR/K & T S TRER K
B Py, ZERMRIESBREITIESRN TS /04 A& AsE 1~2 h Tk 300 TS B,

Fig.2 The distribution of TS corrected by the optimal elimination threshold when forecast precipitation is calculated by 1 h weather
station precipitation observation data before the beginning of forecast and the precipitation ranked first (Nip=1) in the range of

neighborhood radius (R;) in 2021. And the red line is the sum of TS in 1-2 h.

3.2 B A B B ik E

KA ESIu5IZ 5 min KIS GE . 7F Np=1 i, Ri~ 0.49-0.72 %5 1h N 78 A
A B R TR R (CRAARTTIEI, 2.3.2 75D 43 7l A e R SE R T ) PR TR A Pr, B AT
BT IEE RIS 1~6 h BRI SRR vE A TS 704 il 3 . RiN 0.49~0.7< 1EH]
6 h TR LN SR PP BT R AR (B 3a—d) : TS PEAMHE R /K BT 88 i £

2RI NIED 5 /K BRT IS B Ah i (BRI I SR N 6], TS PPorllre. RIEE

TLARAE T FH S0 P 7K RS e U S A PN 1), B CRIE— 2 K ) BRT oK, I SRk
BORAREIA B R . X P ANFIECERT 4 h BRI B B, RORIERT 2 h Y.

A LA EPRRE,  HAESKEBRL 553847 h Sl Bk 5 5~10 min, PRI EE GO0 EE AT H]
B RiFFF/KE rosos sson osos M550+ 2050+ F25-50+ F30-50 F35-50~ Fao-so~ Fasso [ THidK
HOR (B 3e-h) , AT AR IS B SR T BE/K BN raoso. Fasson Faoso, A 2 h FHCARES 24 4 %
PR TR IR B AR BITE AR I 4% Ri Ay 0.5° (18] 3D) &
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Fig.3 The distribution of TS corrected by the optimal elimination threshold when forecast precipitation is calculated by cumulated
precipitation in different periods using weather station 5-min precipitation observation data 1 h before the forecast beginning, and the
precipitation ranked first (Nwp=1) in the range of (a and €) R=0.4< (b and f) Ri=0.5< (c and g) Ri=0.6< (d and h) R;=0.7<in 2021. x;
represents ro s, ro_10, ***** , To_60, X2 represents rs g, s 1s, ===+ , I's_60, and others analogize. See 2.3.2 for details. And (i) represents the sum

of TS in 1-2 h of (e-h).
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FEAFOff 22 0 Bl gt — P 0 Neop RISRREUE . tHET 4 ]I, ST BMEITIEER TS
BE Niop AL, FEHE 1~2 h TR SN BN . 28 3~4 h RN A B W31k I8
T 2 h PRI R AR TR SR A S 802 R v0.5° « I BB FEKEN rao so. Niop N
5 (4 dartahsd) .

11



261
262

263
264
265
266
267
268

269
270
271
272
273
274

275

Period of validity (h)
—1 2 —3 —4

(@) Ri=0.4° rso-so (b) Ri=0.4° rss—so (c) Ri=0.4° rso-so 62

40

TS (%)

(%) U z-1 ursljowns eyl

[ e R e e AN e e e T T T T 52
40 () R;=0.7° I30-s0 (k) Ri=0.7° I3s—so () R;=0.7° I'so-50 62

Bl 4 SR 2021 2RI TRIRT 1 h 19 E 358 5 min BRI . 45812 (RD 25 0.49~0.72 B ERFEIKE: raos0 Fassos Faoso
THETTRFE KR Pr, THHRARES 1h (JELZR) - 2h (BBZR) « 3h (B4 . 4h (KL MENERMK, S&MHETREITIES
T TS B Niop AT ZLE 2RSS 1~2 h TR 201 TS A,

Fig.4 The distribution of TS corrected by the optimal elimination threshold with the N’ s change when forecast precipitation is
calculated by rso gs, I'ss a0, F40-45, F4s5 50 Of weather station 5-min precipitation observation data 1 h before the forecast beginning, R; for

0.4<=0.7<9n 1 h (blue line), 2 h (orange line), 3 h (green line), 4 h (purple line) forecast in 2021. And the red line is the sum of TS in 1-2

#2931 3.3 h =/AMRE B IRS A me S H07 R MILEA AT, BT A 5 E 5 min
B MIEGHE « SR I B R PF/K & raosos Niop=5+ Ri=0.5 M HHR AR A, 26 1~4 h T
WA FE =R S0 Erb TS 85w, [FIR BS PP B AT HEE 1. LART 2 h TR k5%
PRI R el B Az, =AM BRI EUS 2 M R Ri 0 0.5° , FRBSR A A SO Bl
I Ri 97575, Nuop FIZRAL X A Ri IR EUTG I 52 M . SR 2022 A HEAT RIRE I 25, BT
BESHEMMAE 3.1 ) 3.3 Wrh it A5 (.

2 R 2021 SE ALK, 3.1 B 33 W = MRS BRE B ISHTEN TS (%) MBS IFAXIH.
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276 Table 2 The TS ( % ) and BS score comparison of the optimal parameter schemes in 3.1 to 3.3 by weather station precipitation

277 observation data in 2021.

TR A/h
1 2 3 4
RIRSHOTRE TS BS TS BS TS BS TS BS
B 1h RiFFKE. Nep=1. R=05°  34.2 1.44 212 1.90 147 2.37 11.3 2.73
rosos Nip=1. R=0.5° 34.4 1.39 21.9 1.44 15.0 2.05 116 2.20
ras0s Nip=5+ Ri=0.5° 375 1.13 222 1.53 15.2 1.89 11.6 2.20

278 3.4 FET SWAN-QPF FIZAERHHE HIxt E LG

279 I SWAN-QPF Hiifs Tl A i 5i B /K AT 45 21 5 B 2l Seidl B K Bl U5 18, (H TR
280  HORMEZE. ¥ 5a N Np=1. fEAME Ri THHRAKES 1~6 h Faif 52K TS 7041 (LmAt
281  HABMEITIE) - FETERA 3G, Bk Ri i TS W0 R R, HFEE RS FRRER
282 BUJIALERT 4 h TR R TR R BT, JCHAZRT 2 hy LAt Ri Bl F00R IR 20 39 0o 1 K.
283 ZREHEIRIT 1~2 h TR R TR RO BRI, Ri=0.3 ik BUR & 4f - ¥ 5b ¥ Ri=0.3<
284 FEAF Nip BTHRARES 1~4 h FLIN SRR TS 7040 AEAFTERN T, TS 158 Niop
285 [IGKIHEIN, JFBEhE TR B BRI BRI, TS BE Nuop 8GR MIGIRE RN, 7258
286  1h FERISAL, Np HH 134030 15, TS HiEHE K, ETF 0.7%. Fithik & K H SWAN-QPF %
287 YRR SR R A Ri=0.32 Nip=15, {HAT 4 h TS 208 Pk R 8 AN i 5 Bl s
288 I REAKEE (PEAREERT L LR 3) o SRA 2022 4F SWAN-QPF $diE 47114k, iS5 S5
289  ibfiRs 2021 - (EEE) .
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Fig.5 (a) The distribution of TS corrected by the optimal elimination threshold when forecast precipitation is calculated by SWAN-QPF
and the precipitation ranked first (Nyp=1) in the range of neighborhood radius (R;) in 2021, and the red line is the sum of TS in 1-2 h. (b)

The distribution of TS after OTS correction with the Ny’ s change when the R; is 0.3<

AR BHELE Nuop=1+ A[F] Ri T3 TR TR oK E, Z&EaRET LR TS 70
A (TR 20 TS P38 W& 6a s, SBEHE &R RiIAK—3, HEARYE
0.4°-0.7°2 i, HAFMERN TS WHTE 0.49-0.7 2 [AIIMZEA K, RILA S kI E
Bt Ri=0.6% 75 #1520t R I 5 /K 1) T4l BE 77t A — B, CMA-MESO R IL &AL,
ECMWF-EPS, ECMWF-IFS. CMA-GD FI CMA-SH9 i i i 5 f /K (1) TR AE S AH ZE A8 K
Bl 6b & AEHEE R=0.62 Nip / 1~15 2 HiTHE TR KE . ZmME 2 RET EE
({1 TS 734, Fk CMA-GD Al CMA-SH9 4, #4553 TS BB Noop IS KA BT LT At
5E K F 2 B A B IO A ) 5 7K TR AR Ri=0.6 2 Niop=15. K 2022 4= 245 U /K £ dh ik
NG, Bt Ri 5 2021 5 (EIIS)
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Fig.6 (a) The distribution of TS corrected by the optimal elimination threshold when forecast precipitation is calculated by multi-model
forecast precipitation and the precipitation ranked first (Nwp=1) in the range of neighborhood radius (R;) in 2021, CMA-MESO(2311),
CMA-MESO(0214), CMA-MESO(0517) indicating the beginning time of forecasting respectively being 23:00 and 11:00, 02:00 and
14:00, 05:00 and 17:00, other models being 20:00 and 08:00. (b) The distribution of TS after OTS correction with the Ny’ s change when

the Riis 0.6<

FEAAFE LI Ri=0.6 2 Nop=15 I , #2 S48 30 TS 173 1 2K, A CMA-MESO(0214)
TR A K S R d LR (BUE R %L a=1.0) , #AF a KIKEK CMA-MESO(0517)+
CMA-MESO(2311). CMA-MESO(2008) . ECMWF-EPS . ECMWF-IFS.CMA-GD. CMA-SH9,
DA TS St B b, BB EE B efl aie HPE 7 AT 00, 2021 1 2022 4K TS ¥ &4
BRI AN BOG IR, B2 R 5 HO A 5 B K TR st & (2021 4F TS WJiA 18.8%, 2022
EHIA 14.8%) AL TAE— B — BT IE TR S BHEil a (EP R A B, £
BRI ai FEA FAEAR A A2 B ]
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Fig.7 The TS distribution when CMA-MESO(0517), CMA-MESO(2311), CMA-MESO(2008), ECMWF-EPS, ECMWF-IFS,
CMA-GD, , CMA-SH9 are integrated in turn according to different weight coefficients (a;) based on the forecast precipitation of
CMA-MESO(0214) (a;=1.0) at Ri=0.6 “and Ny,=15, the shading indicating maximum and secondary maximum of TS, and the red boxes

indicating the optimal a; for each model.

A5 A OB B AR B IS 5 FE /K TR, FENRE 1~2 h TR AR T3 T E Bk
S PR K PR RE SR R A T SWAN-QPF 7™ i il , (EXFT 3~12 h (A iR, 240
AR EE Rk B R ST HPE (K3 .
3.5 ZIFEHIEHHIN LA

ZREABEK IR A . B3huhiZ 5 min S2iRE K s Al SWAN-QPF #3i 7E 1k & e il 2
Ho7 %05, UL s AU A s I T B /K B O 254 (a0=1.0) , fKIKEE A H 213632 5 min
SEIN K B s A SWAN-QPF #dfs,  wI it DR TR s oK i Pk i . i1l 8 WL, i
F HBhEIZ 5 min SEIREKEHE A SWAN-QPF SN, At 25 BE IE)G, 2021
A1 2022 EAEAR TR BT o FLIN SR FEK TR A TS 978 2 B i A AL i i) At B AR
AIRTE, HE Al ai fEMAE A A E A BEAE TR 2005, E3hu5% 5 min S2 FEK
HlfE F SWAN-QPF 4 ) s AL E S TE T FE, 7258 4 h TR S0n R0 0.1, RIGS R 5
B 7K A PO 2 A B Y DT R
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8 AR IIREE . H3h4Z 5 min 52K EdE (OBS) Al SWAN-QPF i fEik E A 24 )5, 7 (a) 1h. (b)
2h. (©)3h. () 4h THRETCT, AR AR E A S Py 2l (BCE 78 a,=1.0) , #AF a fkIREE K OBS. SWAN-QPF
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Fig.8 The TS distribution when 5-min real-time observational precipitation (OBS) and SWAN-QPF are integrated in turn according to
different weight coefficients (a;) based on the multi-model optimal weight integration (a;=1.0) in (&) 1 h, (b) 2 h, (c) 3 h, (d) 4 h forecast
after the optimal parameter schemes of multi-source data selected, the shading indicating maximum and secondary maximum of TS, and

the red boxes indicating the optimal a; for OBS and SWAN-QPF.

HIER 3 T, YR foe DU B AR PR I o P /K TR, 2 1~4 h TR 2N 1 TS 2
P B AR B TR . JCHE 1~2h N, (1T B 30843 5 min SRR KSR A1 SWAN-QPF
Hs A, £ 2B AU E S IR ARSI 1R 95 e 7K A PR AR 2 . (ELAE 2 Y

Bl s AR T 2, 1~2 h TR 2 ) BS PF73 B B Sl S e /K Bl 4 2R 1 Tl

J7 FEME N i, U B ISR ER I S BRI 5 B K A A BT

#3  ZUREKEIRLE RS EOT RGP E P TR 2K R TS (%) FIXSRL BS $P43%f LE.

Table 3 The comparison of the optimal TS (%) and corresponding BS score by using multi-source precipitation data to calculate Psafter

the optimal parameter schemes selected to forecast the short-time heavy precipitation.

TR 20h
1 2 3 4
FEh BIRSHOTR TS BS TS BS TS BS TS BS
2021 EBhIEE BRI FEIKE raos0. Nip=5+ Ri=0.5° 375 113 222 153 152 189 116 220
SWAN-QPF. Nip=15. Ri=0.3° 30.7 1.65 22.0 1.74 14.8 2.34 10.5 2.73
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ZHARMMELERN . Np=15. Ri=0.6< 162 142 180 197 163 160 149 134

LUV B AL LA AR 405 119 258 161 199 174 188  1.89
2022 EBhuEET B R TFREK R a0 50 Nigp=5+ Ri=0.5° 322 128 195 168 138 232 106 265
SWAN-QPF. Nip=15. Ri=0.3° 287 157 191 180 126 268 89  3.79
I E LR Nigp=15+ R=0.6° 166 162 142 219 123 193 134 218
ZURBR R AR K 360 129 231 164 172 201 152 196

357 4 MEEITHRBEKL

358 BT 2021 A1 2022 1 E B5IE 5 min SEALFEKEE . SWAN-QPF 24 Fl 2 155 204
359 IKEHEIE IR A 22 Y5 A A DA EE A R S I SRR A K TR ALY, 1 TR A 2023 4E 4~9 A K
360  EFERFEAEH 4 XTIR (02:00. 08:00. 14:00. 20:00; £ 4) , 1~12 hiZHf TS H7E 15%
361 DLk, @& THEFAR 0 ST M, CHZEE 1~2h, FERERR TS Z2EKX IR
362 IR STURAE ST 2.5 50 1. 7E 2023 AR AR RE TR AR G RSSO SE R, B A
363 AUTARAR RIS IR, TSP AR —.

364 %4 20234F 4~9 JIHRILAIN BRI 1~12 h ENTUR, ASCHURBIE (R R AR SR B FIE KR A0 R S
365 R TS (%) RiLL.

366 Table 4 The comparison of TS (%) of short-time heavy precipitation for 1-12 h at 1 h intervals in Fujian between the forecast model in
367 this paper (the multi-source data optimal weight integration forecast) and the superior guidance product of China National Meteorological

368 Center from April to September in 2023.

TR 3/
1 2 3 4 5 6 7 8 9 10 11 12
A TTARAF I 427 288 231 202 186 178 192 203 200 185 178 180

EZHRSG LIRS TR 104 113 103 100 9.8 96 101 110 100 9.3 9.4 9.3

369 2023 G “HETR 7 hAE T ORI R amfE K, AR (7 H 27~29 H) , &
370 SCTRIRAGEA FRFR A S 5 [ K, £E 1~12 h TR RN i TS $497E 28% LA b TUHZFESR 1~
371 2 h PRI RL A, TS ¥4 4 54 60.3%F1 46.9% (FKHE) . B9 987 7 2023 47 A 28 H#x

372 RIS sBFEK TR LG . B X AETER” PEALATIR AN ARG, R A AR A i
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Fig.9 The forecast of short-time heavy precipitation with method in this study at 20:00 on 28 July 2023, the shading indicating forecast

areas, and the blue dots indicating observational short-time heavy precipitation.
N N N
5 ZwS5iig

RSO FH AT SRR T 240 TR s o2 3 PRl PAY D P K £ L i HE B 1 AT s 0 R IS o /KA

MIBfsE PETR 55, JFai & OTS ¥, LA ZhubFEKOR M EdE . SWAN-QPF £, 4Bkl X
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WILHUHEZ AT 5 44 (Nwop=5) 3l sl (R PR /K B P BB A N Tk Bk AT Fp e g, & dmefle
HZAEBMEITIESS, 2021 F12022 4F55 1 h [¥) TS AliA 37.5%. 32.2%, 55 2 h (1) TS Alik 22.2%.
19.5% (2B A LTI ES 1 h 1) TS ik 16.2%F1 16.6%- 5 2 h ik 18.0%F1 14.2%) .
SWAN-QPF %t (Ri=0.3S Nwp=15) ZHMHETBEITIE)E, fEIfiit 1~2h PN TRkCER b
B, ABANGN E Byl S R K HE .

(2) KM B sl B AU EE A SWAN-QPF K4 1E4T 48 I 5 B /K TR, #EIIE 1~2 h
TR 20 ) TR A, B TR AR, TR A Y S PG 3~ 12 h I IR AT
F2 BT A BRI XIS R A A T . DA AR SR = 2R 8, /£ 1~4 h Tidk
IS 2850 PN R — DR A B R P K TR AE A 26, 2021 1 2022 A58 1 h 1) TS FJIA 40.5%.36.0%,
¥ 2h 1) TS Alik 25.8%. 23.1%, 3 h ) TS HJik 19.9%. 17.2%, % 4 h [f) TS 7Jik 18.8%.
15.2%.

(3) Ri Al Niop FRIAZ A 0] R I 558 P2 K Tl HE A R S MR AEAN R B i oA — e . BT H3)
il 7 NOML U A5 0 AT LN SR PR AR SR M TR, 7E 1~2 h TR RN, Ri Al Niop FIARAL X fiL
N 568 B 7K PR R A 2 s M 350 80K s SR SWAN-QPF 04l T 6 i s fe 7K, 7E 1~2 h Tl iy
RN Ri IR HER S FEMA R, Niop SEMIAN K TR A BROMT DX AR G e e /K i el v
Ri F1 Nuop FAJAZ A6 o) 81 I 555 o 7K AT A e 23 535 00 4005 I A 2R 8080 K o 3 715 A AS [ 2 2 o
TR PR 73 18] 73 92 S e A T B /R BT R 2 1B) 22 S KNV 9%, BT E 2D IR

I A S TR 35, 2023 4F 4~9 HARZE 1~12 h RIS A E 1 h TSR IITE 15%

PAE, JEIZERT 4 h NIITE 20%LL F, 25 1 h (1) TS ik 42.7%, %o Tl A i o e 7k B AT et
S5 Lo BMTIRAMIN ATHR I, X T RGN SR FRE K, PIARAR AL R Tl s R At
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